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Production increased 15 to 18%, less fuel consump- 

tion, improved quality of metal, and lower maint 
nance costs these were some of the results secured 
by a well known Die Casting Company in converting its 

die-casting department from oil-firing to gas fuel. 


Each furnace is fired by one Surface Combustion automat 
cally controlled two-stage high pressure burner utilizing cok« 
oven gas at 10 to 15 lbs. pressure. 


It is the practice in this department to permit metal in the pots 
to solidify at the end of the day’s operation. Melting down 

started about 2 A.M. in the morning with a gas pressure of 2! 
to 3 lbs. at the burner. The metal gradually comes up to a tem- 
perature of 1250° F. and is held at that point until the operators aré 
ready to start. This long melt-down time proved to be much mor 
efficient and satisfactory than the previous practice on oil, of a more 


fe rapid melt-down, as it consumed less fuel and permitted no over-run 
Pop te. of temperature in the metal. Time is saved in the start at the morn 
pen ca gay ing, the metal always being at proper operating temperature whe: 
int of a well the operators arrive, as well as in actual production through thé 


automatic control features. 


The life of the pots has been increased from an average of 11 weeks 
to an average of 16 weeks. The rejects caused by metal being at 
f SC Automatic Proportior Burners in improper temperature have been practically eliminated. 


OPERATING DATA 
Time of operation......... 8 hrs. 55 min. 
Total production ......... 1787 lbs. 


Total gas consumption 
(during operation only) .4599 cu. ft. 


Hot metal charged at 


Cold metal charged ......251 Ibs. 


Total gas (for melt-down 
and operation) ........ 6362 cu. ft. 


urface Corporation 
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TIMKEN CARBURIZING STEELS 


MADE WHERE CARBURIZING — HEAT TREATING 


i: PART OF THE DAYS JOB 


UPERIOR carburizing steels cannot be 

produced by formula alone. The steel 
manufacturer who aims to produce carburizing 
steels of uniform excellence must have scientific 
metallurgical knowledge, plus practical carbur- 
izing experience. At the Timken plant these 
two qualities articulate, for the research and 
development departments go hand in hand with 
the operating and production departments. 


The Timken Roller Bearing Company is recog- 
nized as one of the foremost authorities on 
¥ carburizing and heot treating, and operates one A 

of the largest, most modern and complete car- y 

burizing plants in the country. This is one source “lll py 

of the carburizing knowledge possessed by The 

Timken Steel and Tube Company, and the prov- 


ing ground for Timken carburizing steels. Well Known Types of Timken 
Timken metallurgists have solved hundreds of Carburizing Steels 
carburizing problems and have often been called 
upon to help put difficult carburizing jobs on a TIMKEN NICKEL-MOLY (tested for years 
successful production basis. in Timken Tapered Roller Bearings). 
Does your product involve the use of carburizing TIMKEN 23420 (3!/2°%/, nickel with 
steel? Are you now using the most suitable molybdenum). 

de for th ? 
TIMKEN 5° NICKEL 
Are your production costs in line with modern TIMKEN KRUPP 


standards? (as far as steel is concerned). 


It will pay you to find out. Consult Timken TIMKEN CHROME-NICKEL 


metcllurgists. TIMKEN NICKEL-CHROME-VANADIUM 
THE stan AND TUBE CANTON, OH!O 
ELECTRIC FURNACE AN OPEN HEARTH ALL STANDARD SPECIAL 
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For the steel 


and for replenishment of baths, we offer cYANeGc* 


the purest commercial Cyanide, |= 


Sodium Cyanide. Each container ts labeled 


ture, 75%; Cyanide Chloride Mixture, 45%; Case Hardening 


prepared Cyanide mixtures, Cyanide Chloride Mix- 


Compound, 30%, are available for those who prefer them. 
The Sodium Cyanide contents are guaranteed. All are uniform 


and free from detrimental impurities. Prompt shipments 


can be made from stocks in principal cities. 


Prices and literature on request. Our 


technical service 4 will cooperate in the application of these 
RIL Chemicals *Reg. U.S. Pat. Off 
The R. & H. Chemicals Department 
E. 1. DU PONT DE NEMOURS & COMPANY, INC. 


Wilmington, Delaware 


Cyanides. 


Distriet Sales Offices: Baltimore Boston Charlotte, N. C. Chicago Cleveland Kansas City 
Newark New York Philadelphia Pittsburgh San Francisco 


AY, 1934 15 


treater who makes up his own bath ae 
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Faster forg 


Rouge 


Ford's 


plant 
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HREE important changes have lately been 
made in the forging operations at Ford Motor 
Co.s Rouge plant. Perhaps it would be better 
to say that important frends in practice have 


made noteworthy progress within the last 12 


months, as follows: 
upsetters, (b) simplification of work on front 
axles, and (c) trend toward gas heat. Each 
will now be briefly described. 


High Speed Forging 


Blanks for transmission gears have been 


cessive blows in as many dies. 


ter until the last operation cuts off the final 


bar is used up. Speed of production is there- 
must go through a fixed series of transfers, time 


pieces an hour for, say 3-in. blanks. Thought 
and skill have been lavished on the die design, 


so that the final desired shape may be ap- 


“fiber”) in a sectioned and etched forging show 
no sharp corners or folds. 


While such a standardized upsetting oper- 


‘ion appears to be very efficient, and actually 


very efficient as compared to a similar job 


ide on a drop hammer, it obviously could be 
. 
H es Slide Out of Upper Hearth, Down Incline 
4 ind Quenching Machine. This grips the _ piece 


nd, rolling over, submerges it in caustic solution, 
e ts automatically discharged at rear edge of 
! starts back through lower hearth for draw 
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(a) Automatic feeding of 


made at Rouge plant, as commonly elsewhere, 
by upsetting a relatively small bar in four suc- 
Usual prac- 
tice is for the operator to transfer the bar, 


heated on one end, from die to die in the upset- 


attachment to the bar, whereupon the cycle of 
operations is repeated until the hot end of the 


fore limited by the agility of the workman (who 


after time) and at best will equal about 120 


proached by correct degrees, and flow lines 


a 


speeded up either by reducing the number of 
blows necessary to change the bar into a gear 
blank, or by devising a feeding machine faster 
and more precise than the human operator. 
Both means have been studied by engineers 
at the Ford plant, and at least one perfected 
example of each is now in steady operation 
on appropriate parts. 

Upsetting by One Stroke If advantage 
is to be taken of a lesser number of blows, it 
would be well to go all the way and do the 
job on one die. To make this possible one must 
start with as large a bar as can be used and 
still have the necessary degree of upset for a 
proper fiber or metallurgical structure. Fur- 
thermore, the forming die must be a closed one, 
made in one piece, in order to hold up to the 
excessive pressure and to maintain proper size 

something a split die could not be expected 
to do. This in turn restricts the work to such 
shapes as may be designed or redesigned to 
have no undercut or channeled portions which 
would prevent them from being knocked out 
of a closed die. Lastly, the work must be done 
dry, as any coolant will likely cause steam pock- 
ets on the finished part where a drop of water 
has been caught between die and work. 

The above statements outline in a very few 
words the principles upon which the newly de- 
vised equipment for gear blanks is operating. 
Former practice made a 2°.-in. gear blank from 
a 1,,-in. rod in a four-stroke upsetter. Pres- 
ent practice makes this same 2°4-in. gear blank 
from a 2-in. rod in a single stroke. Perhaps 
it is more accurate to say it is a_ two-stroke 
operation, as the first movement of the dies 
cuts an accurate slug from the end of a hot 
bar held in place by the operator, and before 
the machine closes this slug is transferred auto- 
matically sideways and held immediately in 
front of the upsetting die. The punch, com- 
ing forward, catches it in the very center and 
forces it into the forming die, expanding it and 
upsetting it completely as the leverage passes 
over dead center. Knockout pins, working 
through the center of both die and punch, eject 
the gear blank as soon as the punch draws back. 
Structure of the forgings is excellent, as shown 
in the etched sections reproduced on page 18. 

In this operation, the role of the opera- 


tor merely consists in thrusting the hot, de- 
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scaled bar endwise into an opening until it 
strikes against a stop, and doing this six or 
eight times in succession until all the hot metal 
is used up. Then comes a delay while he passes 
the cool stub back to the furnace and gets a 
second hot bar. Periodic delay is necessary, 
however, to prevent overheating the punch and 
die, which, noted 

above, must run dry, 


without coolant. The die 


divides the heating chamber into a U shap 


Two gas burners are placed in the end wal 
on the cold side, and eight more in the sid 
wall of the hot, or discharge side. 

An appropriate structural frame carries 
conveyor loop directly below the slot in the 
hearth, and each link on the chain carries 4 

spring clip for holding a 
bar. This bar then stands 


vertically, with one end 


steel is the standard hot- up through the slot and 
work steel used on a into the hot interior. As 
great many other forging it is carried slowly to on 


operations. It contains, 
0.60 to 0.75% carbon, 


chromium, and is 


heat treated to 387 to 418 Paes 


Brinell hardness. 

This operation, of 
making 25.-in. gear 
blanks of 0.382 carbon, 
1.0°, chromium steel, is 
tional upsetter, 4-in. ca- 
pacity, at the rate of 
about 500 per hr. Two men are required, one 
to handle stock and blanks, and the other to 
feed the machine. Unconsumed bar ends are 
only 2 in. long. 

Comparative figures for a 4-stroke opera- 
tion are 150 blanks per machine-hour or 75 
per man-hour. Unconsumed scrap pieces are 
8 in. long — 10% of the raw stock. 


Automatic Feeder 


Automatic handling on an upsetter is now 
being performed on rear axles, a 1,),-in. rod, 
37 in. long, on which a blank for 3,;-in. diame- 
ter bevel pinion is upset at one end. This set- 
up includes a special heating furnace and the 
complete unit is designed to be operated by a 
single mechanic plus two laborers required to 
load the bar stock into the furnace and clear 
away the completed axles. 

The furnace itself is quite interesting. It 
is set on a low balcony at one side of the up- 
setter, so that hot bars may discharge by grav- 
itv to the feeder. It is rectangular in shape, 
but its floor is cut through by a slot, hairpin 

plan, and an inner longitudinal wall inside 
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Gear Blanks by 
done in a special Na- Single Blow Upset Is Satisfactory. Full size. 
Steel has 0.32% carbon, 1.06% chromium 


end of the furnace, then 
around and back along 
the other side, this end 
gradually approaches the 


proper forging heat, 
2250° F. When finally it 
reaches the end of its 


travel, the spring clip 
grasping the cold end 
automatically opened, 
and the bar drops down 
a curving chute, and is 
delivered to the forging machine with hot end 
pointed in the right direction. 

As the view at the right shows, a_ short 
conveyor has been placed between furnace 
chute and upsetter, which conveyor is synchro- 
nized with the forging operation, thus correcting 
any irregularity in delivery of hot bars. Fur- 
thermore, at one station in its passage the bar 
is vigorously hammered by an opposing pair of 
air hammers, and furnace scale is thus removed. 
A few seconds later the bar is pushed forward 
into the jaws of the automatic upsetter. 

As far as the upsetting machine proper 
is concerned, it is a 4-in. special of National 
design, quite massive. It carries four dies in 
a row, one directly below another, uniform! 
The first operation 
the 


spaced, center to center 
upsets the bar end into a tulip-bud shape, 
second into a stocky truncated cone, the third 
flattens this cone out into a gear blank, while 
the fourth restrikes the blank after a 90° tur 
This is exactly the same as a hand-operat«d 
routine. A good volume of coolant deluges | 
dies and punches (which is permissible si! 
there is an opportunity for restriking, and : 
gas pockets can thereby be eliminated). T°) s 
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so means that forging action can be contin- 
us without overheating the dies. 

The unique device here is an automatic 

unsfer which carries bars from die to die 

such a way that each station is refilled 
s fast as emptied. Thus the upsetting machine 
produces one complete axle at every stroke, 
rather than one every four strokes; further, 
the rhythm is not interrupted for a new bar 
io arrive; one is delivered in time to be in the 
first upset at every closure of the dies. 

This automatic transferring device is essen- 
tially a pair of blocks with grooves cut into 
their abutting surfaces so that when they close 
four holes are formed, slightly less in diameter 
than the axle shaft and so spaced that they 
crip shafts protruding from each of the dies 
in the upsetter. The blocks are attached to 
cam-operated levers so they move apart or to- 
gether, and up and down in the proper sequence 
as follows: 


Suppose that the dies in the upsetter have 


closed and the punches are operating. At this 
time the feeder blocks or jaws move apart and 
up the exact distance center to center of dies. 
Then they close. This occurs before the up- 
setter dies reopen, so the feeder jaws have a 
firm grip on axles in dies No. 1, 2 and 3 (count- 
ing from the top) as well as a heated bar which 
has previously been delivered to top position 
“zero”. When the upsetter dies open, the re- 
struck axle in the lowest die No. 4 drops out 
of the machine, finished, onto an elevating con- 
veyor. Four bars are now held firmly by the 
feeder, which then moves downward a distance 
equal to center-to-center of dies. As it arrives 
there a “stop” bar moves up and pushes each 
bar slightly into the upsetting machine in cor- 
rect position to be gripped by the closing dies, 
and the cycle is completed. Each die is then 
filled, ready for its appropriate operation. 

It should be mentioned that the grip on 
the bar in die No. 3 is not so tight that it cannot 


be turned 90° before restriking, by an ingenious 


Rear Axles Are Heated on One End in Elevated Furnace and Fed One at a Time by 
Conveyor Into Massive Upsetter. An automatic feeder in front of operator transfers 
stock from die to die, in such a manner that all dies are working every time machine closes 
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rotating device which turns as the feeder moves 


downward. 

This machine has hardly been in operation 
long enough to determine the maximum eco- 
nomical speed, but so far the best production 
in an 8-hr. day has been 5600 axles, or 700 per 
hr. One laborer is required to load cold bars 
into the conveyor at the furnace, another to 
remove finished axles, and a mechanic to super- 
vise the machine. The old method of hand feed- 
ing a 4-die machine required one operator (and 
a helper to de-scale the bars and handle stock). 
The best production of such a team was 120 


upset axles in an hour. 
Forging Both Ends at Once 


Simplification of work on front axles, the 
second item mentioned at the outset, has re- 
duced the number of forging operations from 
seven in three machines to three in two large 
presses. Formerly, 23 men were needed to turn 
out 1000 axles a day, whereas now only six are 
required. One discouraging part of 
the old practice was the number of 
rejects (despite the rather large tol- 
erance of 14 in.), which could hardly 
be driven below 27, due to the dif- 
ference in shrinkage of the axles 
heated locally for the separate oper- 
ations to somewhat variable dis- 
tances and temperatures (despite the 
greatest care in this respect). Now 
that the complete job is done on one 
heat in two strokes of one machine, 
there is litthe opportunity for varia- 
tion (when forging temperatures are 
under control) and rejects for out- 
of-size are practically zero. 

Old practice started with a 
straight bar of 0.37°° carbon steel, 
1x1°,x61 in. in size. It was heated 
and upset on each end in succession. 
Next it was heated and forged on 
cither end to center of axle and the 
flash trimmed. Finally the center of 
the axle was heated and stretched to 
correct length. 

New practice starts with a spe- 
cial bar of the same analysis, rolled 


to variable cross-section on grooved 
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rolls by the steel supplier. This bar has a lu yp 
of metal at either end and the central porto; 
has an I-bar cross-section. Thus, part of | |, 
work formerly done in the forge shop is now 
done in the rolling mill. 

These bars are fed through a pusher fur- 
nace, so arranged that the center rides down 
a relatively cool passageway but the ends stick 
through slots into hot side-chambers, gas fired 
Emerging, they are at 2150° F. at each end, 
where much work must be done, yet the cen- 
tral region is not vet glowing. Bars are skidded 
directly into a massive press (one is of National 
and another of Cleveland make) of 1800 tons 
capacity. Dies are 1042x14x60 in. in size. 

The first stroke in the edger bends the bar 
(cool center included) into the long, sweeping 
Next the bent 


axle is tipped over on its side into the form- 


curve required by the design. 


ing die, the scale is blown off, and a singk 
squeeze brings the ends to shape. All that re- 
mains is for a second press to trim off the flash, 


and the axle is ready for heat treatment. 


Instead of Upsetting and Forging Front Axles One End at a 
Time, the New Plan Uses a Rolled Bar of Non-Uniform Section 
and Bends and Forges it in Two Strokes of a Massive Press 


— 
We 
\ 
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With a standard heat and correct dies a 

stant shrinkage on cooling can be depended 

m, and practically none of the axles are 

ted as being beyond dimensional tolerance, 
rstricted to in. on the length. 


Furnace Practice 


There are about 160 furnaces serving the 
forge and upsetting machines at the Rouge 
plant, many of them of the conventional slot 
ivpe, ranging around 10x4x3 ft. in outside di- 
mension and set on legs of appropriate length. 
Perhaps their only feature worthy of remark 
is the practice of covering the hearth bricks with 
a 3-in. bed of crushed dolomite. This absorbs 
the oxide and “slag” from the heated bars, may 
be readily renewed at alternate week-ends, and 
protects the permanent brick work quite effec- 
lively and economically. 

Included in the number are many special 
furnaces for individual parts, but these utilize 
some style of protected conveyor or external 
pusher for delivering a constant supply of hot 
metal, usually heated only in those regions 
where forging is to be done. Possible variations 
of this general idea are, of course, almost infi- 
nite. Two specific examples have been sufli- 
ciently described above, one furnace for heating 
rear axle shafts on one end and another for 
heating front axles on both ends. 

Source of Heat — A great deal of experi- 
ence has also been acquired with heat from 
three sources — oil, gas, and electricity. This 
may be briefly summarized by saying that oil, 
while the cheapest under most conditions when 
figured back to cost per pound of steel heated 
to forging temperature, requires the most ex- 
pert attention. A battery of oil-fired furnaces 
must be constantly watched by a “heat man,” 
and even then the percentage of burned forg- 
ings due to accidental interruptions at the ham- 
iners is bound to go up. Furthermore, oil burn- 
ers are dirtier, and every attempt is made to 
Keep even the forge shops clean at all of Mr. 
properties. 

Electric heat, on the other hand, is usually 

most expensive, and unless special gas at- 

spheres are maintained in electrically heated 
‘naces, the scale, though thin, is hard and 
ierent. Electricity’s great advantage is clean- 
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liness and ease of control, and for the former 
reason especially, it is favored wherever fur- 
naces must be placed in direct line of machine 
work or assembly. 

The present trend, therefore, in heating op- 
erations at the Rouge plant (for heat treatment 
as well as forging) is to use coke oven gas up 
to the limit of available supply. Its cost is but 
slightly greater than oil, figured on the basis 
of one pound of steel to forging temperature. 
To provide against shortage, however, most of 
the forging furnaces are piped with dual lines 

one for gas, one for oil and arrangements 
made for ready replacement of burners. 

Gas burners are made to Ford design. Most 
of them contain proportional mixers of the ven- 
turi tvpe for gas and air. Gas is furnished at 
15 lb. pressure and the inspirator is set to draw 
in whatever volume of air is desired to get a 
“lazy flame,” with excess of gas, automatically 
maintained at the correct proportion regardless 


of the amount of fuel being burned. 
Pyrometric Control 


Many of the furnaces are operated with a 
steady through-put of work, so pyrometric con- 
trol is found to be somewhat superfluous on 
about two-thirds of them. Control, when in- 
stalled, usually consists of a motor-operated 
valve in the gas supply line, operated by elec- 
trical relays or boosters from limit contacts set 
on a thermocouple recorder. 

A thorough trial was given of so-called dif- 
fusion combustion above a blanket of raw gas, 
thus reducing scale on the hot bars to the van- 
ishing point. This is an important factor when 
forgings must be made to small dimensional 
tolerances, or when they are made with a single 
operation. On other work there is, of course, 
a saving of the weight of steel converted to scale, 
but this is a minor matter. In the manufacture 
of “rough” forgings, therefore, it was judged 
that scale-free heating was of insuflicient eco- 
nomic advantage to warrant reconstructing the 
heating furnaces serving hammers and presses. 
The scale produced in a “soft” flame from an 
ordinary gas burner is completely removed by 
the first hammer blow, and for much forging 
stock this also removes a slightly decarburized 


skin and minor surface irregularities. 


21 


es 
‘ 
MAY, = 


ractical procedure 
for gamma-ray 


testing 


HILE X-rays have been used with 
gratifying success for the testing of solid ob- 
jects for internal flaws in the art of radiog- 
raphy, they have certain shortcomings. The 
practical limit is 4 in. of steel. In the second 
place, the equipment is bulky and not very 
portable, being practically anchored to a source 
of high voltage electricity. 

Gamma rays from radium, its emanation, 
or from mesothorium, avoid these limitations. 
A capsule less than 1, in. diameter contains 
enough radioactive substance for examining any 
commercial object. It can be transported any- 
where; no complicated machinery is required 
and hence no expert electrician is necessary. 

Pioneering experiments in the use of gam- 
ma rays for radiography were carried out in 
1920 by Dr. Mehl, Dr. Barrett, and the writer, 
and announced at the 1930 convention of the 
American Society for Steel Treating. They 
established the entire practicability of the 
method for both thin and thick sections of 
metal, and since then a number of applications 
have been made to routine testing, both here and 
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by Gilbert E. Doan 


Asso. Prof. of Physical Metallur 
Lehigh University 


abroad. The present artic 
is a condensed account of 
the practical procedure, writ- 
ten after having responded 
to continued requests for en- 
gineering and economic data 
received from men in_ in- 
dustry. Assistance of Dr. 
Mehl, Dr. Barrett, and Dr. 
Canfield of the U.S. Naval 
Research Laboratory is grate- 
fully acknowledged. 

The method is extremely 
simple. The pieces to be 
studied are mounted some 
distance from the radioac- 
tive substance, facing it from 
any angle (for the radiation 
spreads out in all directions 
with equal intensity). A 

photographic film with  in- 

tensifying screens, in a light- 
light envelope, is placed behind that portion of 
each object to be studied. Some of the rays are 
scattered by the solid metal; the remainder pass 
through and register on the film in quantity and 
effect proportional to the thickness of the inter- 
posed material. Missing metal, as in a flaw, is 
registered as a shadow on the film. 

Arrangement and Equipment Recom- 
mended films are Eastman “Diaphax” or “super- 


lead 
marker 
+ 
| 
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Sketch Showing How Size and Location of] 
Radiant Source Affect Sharpness of Images. 
Depth of flaw is located by double exposure 
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»eed dupli-tized X-ray” 


Exposure Times in Hours 
Equa/ Intensity , Initially 


It is obvious that as the source 


ms. To shorten the ex- 


of rays is further removed from 


sure German intensifying Radium Emenetion the object, the rays reaching the 
reens known as “Supra- 7 1.0 film become more nearly parallel. 
negran” or the extra thick 5 5.7 A sharper definition of the flaw is 
lcium tungstate screens of 7 mp then obtained, for the size of the 
\merican manufacture are 20 218 umbra is increased and the penum- 
best. Two screens should be 25 27.7 bra is diminished. A further im- 
used for each film, one in 30 54.0 provement is obtained when the 
front, one behind. Lead foil pc pop radiant source R is small in size, 
may be used instead of these as shown in the center sketch. If 


screens if a longer exposure 
at an appropriately greater time is permissible. 

One of the first questions to be decided in 
planning a test is the size of the smallest flaw 
which it is desired to detect. If minute flaws, 
such as those in welds, are searched for, the 
distance from source to film should be as great 
and the radioactive source as small in size as 
possible. 

The first sketch shows, at the left, how a 
large source of rays placed close to the test ob- 
ject blurs the outlines of the image of a flaw 
A. A spot u on the plate corresponds to the 
umbra of the earth’s shadow, while the an- 
nular region p of lesser contrast corresponds 
to the penumbra. If the flaw were located 
further from the plate, as at B, it would be 
barely distinguishable and if at C would prob- 
ably be missed. A successful method of de- 
tecting all flaws, regardless of position, has re- 
cently been developed here at Lehigh Uni- 


versity and will soon be published. 


flaw B were, say, three times as 
large as shown, it would be detected (although 
with a hazy outline) even with large radiant 
source close to the object. But if it were only 
one-tenth as large, it might be necessary to use 
a larger distance d and a small source of 
radiation. 

Images are, of course, sharper as they are 
located near the film. This enables one to esti- 
mate the approximate distance of an internal 
flaw below the surface. A better location can 
be made by a double exposure, moving the 
radiant source parallel to the film a measured 
distance m to a new position. If d is great, as 
compared to /, then an approximate solution for 
x is made by similar triangles, thus: 

d:m 

It may be simpler to place a lead marker on 
the object near the flaw; we then have the ap- 
proximate proportion / ort. 

Since the time of exposure increases as the 
square of the distance, d, the choice of distance 

will of course be influ- 


enced by the time con- 


70,000 

- 
i sideration. If, on the 

5.000 ro other hand, relatively 
sri gross flaws are sought, 
this distance may be 
8 1,000 fol made very short. For 
of instance, a hole 1's in, 
3 290 deep and 3 in. diame- 
S exp? ter in a synthetic block 
S of steel 10 in. thick 
100 will be adequately re- 
vealed when  dis- 
50 tance, source to film, 
50 of 12 in. and a rela- 
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Thickness of Stee/, inches 


posures for Steel, According to Berthold and Riehl, for Single Agfa X-Ray 
m With Two Supra Sinegran Screens, 12 In. Distant From Radiant Source 


rays, such as six bulbs 


of emanation, are used. 
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Once the distance from source to film has 
been chosen (and the size of the source, as well 
as the quality of the films and screens), the time 
of exposure in milligram-hours for steel sections 
is read from the graphs at the bottom of the 
preceding page. 

For example, 1 in. of steel requires about 
300 milligram-hours. Whether a source of 300 
millicuries intensity is used for 1 hr. or 100 
millicuries for 3 hr. or any other combination 
is of course immaterial from this standpoint. 
If two films are exposed and viewed superim- 
posed, the time of exposure is diminished about 
10’,, but in routine work on moderate thick- 
nesses, the films cost far more than the radiation 
(as will be demonstrated later). 

For distances other than 12 in. multiply the 
exposure indicated on the chart by the square of 
the distance measured in inches divided by 141. 
For materials other than iron and steel the com- 
puted exposure time for steel ¢, must be further 
corrected for density of the material D,, by 
using the proportion 

t, — :78 

When radium emanation is used, a correc- 
tion for its decrease in intensity during the ex- 
posure may be necessary. The table at top of 
page 23 gives the exposure necessary for radium 
emanation to equal the effect of a radium source 
of the same initial intensities. The rates of de- 
cay of radium and mesothorium are so low that 
their decay during exposure may be neglected. 

The original experiments with gamma rays 
showed a sensitivity of 2(. without reaching the 
limit——that is, a flaw could be unmistakably 
registered upon the film whose thickness is 2‘: 
of the total thickness of the test object (both 
measured in a direction parallel to the rays). 
Later experiments by Norton and Ziegler have 
shown a sensitivity limit of 1.3°¢ for pieces from 
2 to 7 in. thick. 

The shading of thinner portions from over- 
exposure (by plastering them with lead chips 
or iron filings in a binding matrix, as is done in 
X-ray radiography) is rarely necessary with 
gamma rays. As a matter of fact, gamma rays 
permit a very wide latitude of thickness in the 
same object, without requiring these paste 
screens or two exposures — one for the thicker 
parts and another for the thinner parts. The 
greater penetration of gamma rays is respon- 
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sible. While the contrast between flaw an 
homogeneous metal is sharper with X-rays 
every defect visible in the X-ray radiograph ji 
visible in the gamma-ray test. Precaution 
against “back scattering,” which are nearly al 
ways necessary with X-rays, also are not usually 
required with gamma rays. 

Accompanying halftones illustrate one prac 
tical application of gamma-ray radiography in 
testing a massive casting. The radiograph shows 
excessive porosity, as does the photograph mad 
after the surface has been chipped away. Thes« 
defects were found to be due to the fact that a 
repair had been made to the mold at this loca- 
tion, and the latter had not been properly dried 
before the metal was poured. These views are 
presented through the courtesy of L. W. Chubb 
and N. L. Mochel of the Westinghouse Co. 


Reading the Films 


The most satisfactory method of reading 
the films is before the viewing cabinet, such as 


used in hospitals. Additional certainty in in- 


@ 
Pe 
“e « 
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Part of Gamma-Ray Radiograph of Heavy Casting. 
face of this portion was cut away, revealing condi s 
shown at right, due to a moist patch in the 
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rpreting a faint marking on a film is obtained 
exposing (wo films together in a single en- 
lope with suitable intensification screens on 
th sides of each film. There is less doubt 
hether a faint marking may be due to a defect 
the film. The exposure time to produce a 
sible blackening on two films, if viewed super- 
nposed, is shorter, and the saving in time may 
« worth the cost of the extra film and its de- 
.clopment, when examining thick metal. 

Another method of viewing a film is to lay 
(upon a sheet of white paper. The light passes 
through the film once on its downward course 
and again after it is reflected from the paper to 
the eve, thus accentuating the contrast. Less 
dense films than those used in the viewing cabi- 
net are best suited for this method, but the 
double film is of relatively little advantage 
under these conditions. 

No exposure of the operator to personal in- 
jury is necessary. When removing the radium 
from one place to another, forceps or tongs a 
foot or two long, together with the length of the 


extended arm, will give adequate protection for 


; 
— —_ 


At other 


times the best precaution is to stay 20 ft. or more 


the short time involved in transfer. 


away from it. When the source is to be stored 
where persons pass near it, a housing of lead 
as thick as 6 in. is adequate protection. For 
transportation a thinner lead wall may be used 
and a suitable distance maintained. 

To test the degree of personal exposure, the 
operator may carry a small bit of unexposed 
film in a light-tight envelope in his pocket. If 
the film does not blacken in two weeks, the ex- 
posure of the person has been negligible. Stand- 
ards of safety set by a committee of the League 
of Nations have been quoted by V. E. Pullin in 
“Radium in Engineering Practice” read before 
the Institution of Mechanical Engineers, 1933. 


Economic Utilization 


It will always be most expedient to sur- 
round the radiant source as completely as pos- 
sible with test objects and thus to use as much 
of the broadcasted rays emerging from it as 


possible. Obviously, a number of concentric 
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great circles of objects could be exposed at the 
same time with very sharp definition and with 
correspondingly short time of exposure, when 
calculated per object exposed. 

In order to utilize the time to best advan- 
lage, some appropriate frames can be con- 
structed and while one group of objects is be- 
ing exposed, the second frame can be supplied 
with test objects. The radioactive source may 
then be transferred as soon as exposure of the 
first frame is completed. 

In routine examination of objects the source 
could thus be usefully employed nearly 24 hr. 
a day, the frames for night exposure being so 
designed to give a good film after 16 hr. 

Cost-— The cost of the radiant energy per 
specimen tested will depend in large degree 
(under any given set of conditions — such as 
kind of film and screens) upon the size of the 
flaws to be detected and the size of the radiating 
source, the thickness and density of the test ob- 
jects, the degree to which the source may be en- 
tirely surrounded by test objects, and the con- 
tinuity with which the source is employed. To 
this cost for radiation must be added the labor 
in assembling the objects, the films and their de- 
velopment, and the observer's time required for 
examination and interpretation of the films. 

Assume that one gram of radium is owned 
or bought outright for $60,000. Assume use of 
21 hr. a day for 250 days in the vear; that is, 
6000 hr. use per vear. The interest on the in- 
vestment at 6°. will be $3600, insurance on the 
radium $1800, a total of $5400 or 90¢ an hr. 
Wages of observer are $10 for an 8-hr. day and 
of laborer $3.50. This amounts to $2.60 per hr. 


for radium and labor. 
Shape Factor 


If minute flaws are to be detected a distance 
of 18 in., source to film, might be desirable. The 
next question is “How many objects can be 
grouped about the source at this distance at one 
lime?” Here enters a “shape factor” which will 
determine how closely the objects may be 
packed on the surface of the imaginary sphere 
36 in. diameter. If the entire surface could be 
filled with test objects, the volume of steel 3 in. 
thick that could be tested at one time would be 


the volume of a sphere 36 in. diameter minus 
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the volume of the inner space 30 in. diamete: 
or 10,300 cu.in. On the average, perhaps on: 
half the theoretical area could be used (shap 
factor =0.5), so the amount of steel teste: 
simultaneously would equal, say, 5000 cu.in. o: 
1400 Ib. The time of exposure for a gram 0! 
radium (from the curve on page 23) is 45 min. 
in round numbers, 1 test per hr. at $2.60 for 
radium and labor, or a cost of testing 3-in. stee 
of $3.70 per ton or about 0.2¢ per Ib. The cost 
of films and chemicals at 0.5¢ per sq.in. of film 
would be an entirely simple calculation and the 
same as for X-rays, and for this section of meta! 
comes to le per Ib. 

Obviously, the exposure cost increases and 
the film cost decreases, per pound tested, as the 
thickness of the material increases. The shape 
factor may perhaps be as little as 0.1, but it is 
necessary to assume some basis for calculation 
and it seems most convenient to assume 0.5 as 
an ideal case and then modify it for each de- 
parture therefrom. 

It is evident that the film costs, which are 
the same both in X-ray and in gamma-ray test- 
ing, constitute the major part of the total cost 
in these examples. However, if testing is done 
only occasionally, the overhead expense will 
make the cost of radiation per object higher 
than the film cost. 

Costs of the magnitude of 1.2¢ per Ib. for 
testing would constitute a very slight increase 
in the basic production costs of important meta! 
objects. Where the risk involved from defects 
is small, this increase in cost would not be just!- 
fied, but for others, such as high pressure valves, 
it would enhance their value enormously. 

In summary, it may be stated that if onl) 
one exposure is to be made at a time, it ts 
cheaper to use X-rays when the thickness o! 
steel is below 4 in., but that if several objec's 
are exposed at one time the gamma-ray method 
may be cheaper not only for 4-in, sections bu! 
also for very much thinner sections, dependin 
upon the number of objects exposed at on 
time. Especially if the testing is carefull 
scheduled and is carried out in a routine mat! 
ner, as in commercial production programs, t! 
gamma-ray method offers certain distinct a 
vantages. The cost of films and development 
the same in both methods. For occasional tes 


ing, radium may be rented from a hospital. 
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igh strength alloy 


castings 


cranks 


NGINEERS of all sorts will accept the 
statement that modern structural steel, even of 
the mild low carbon variety, is far superior for 
load-carrying members to the wrought iron bars 
of two or three generations ago; perhaps the 
steel shapes, as rolled, are 40°) stronger than 
their predecessors. Unfortunately, it is not so 
senerally realized that improved and more rig- 
idly controlled foundry methods, now quite 
common, are uniformly producing gray iron 
castings that compare even more favorably with 
similar products of our fathers’ and grand- 
fathers’ time. Many engineering handbooks 
sull current circulation give the tensile 
strength of gray cast iron as 15,000 to 20,000 Ib. 

r sq.in. Good foundry practice consistently 
dds 60° to these values, and by the addition 
alloying elements in relatively small amounts, 
strength under properly controlled condi- 
ns can be doubled, if not trebled. 
Designers, who base their work on a mathe- 
‘ical analysis of the stresses carried by the 


rious machine parts or structural members, 
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always have to reckon with 
a number called the factor 
of safety. This factor is se- 
lected according to experi- 
ence and the judgment of 
the chief engineer. It must 
necessarily be taken large 
enough to allow for a num- 
ber of uncertainties, includ- 
ing such variations in the 
material as are likely to oc- 
cur in manufacture. 

In this respect, cast iron 
has not, in the past, enjoyed 
a good reputation for uni- 
formity, since it has been 
subject to many defects, 

such as porosity or shrink- 
age cavities, casting strains, 
cold shuts, blowholes, brit- 
tleness, and included dirt. 
By proper cooperation be- 
tween designer and foundry- 
man, some of these troubles can be and have 
been reduced. Studies in the foundry as to the 
design of the pattern and mold, methods of gat- 
ing, control of foundry sands, are effective in 
removing many more of these damaging vari- 
ables. Meiallurgical control of the iron, such 
as the ingredients, melting temperature, degree 
of mixing, and the pouring temperature, also 
contribute to the uniformity of the castings. 

Whenever a material is known to be de- 
pendably uniform, the designer is Justified in 
reducing his factor of safety, which is to say 
that he places greater unit loads upon the ma- 
terial, and consequently makes a lighter, more 
economical, and a better machine. (A case in 
point is the general agreement among struc- 
tural engineers that mild steel for bridges and 
buildings may safely be figured at 18,000 Ib. per 
sq.in. in tension instead of the 16,000 Ib. which 
formed the basis of all computations up to a 
few vears ago.) For parts which carry a fluc- 
tuating load, his upper limit is the endurance 
limit of the metal, and he takes care that the 
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shape of the piece does not bring about stress 
concentration due to sudden changes in sections, 


such as notches, shoulders, or sharp fillets. 


If a thoughtful observer will but remembe: 


the changes that have gradually taken place i: 


crankshaft design during the past 20 vears, ly 


It has recently been shown that for pieces 


of similar shape, some 
materials are capable of 
being stressed more nearly 
up to the endurance limit 
(as determined by labora- 
tory tests) than other ma- 
terials, without danger of 
fatigue failure in the areas 
of stress concentration. 
This is related to the prop- 
erty called “damping ca- 
pacity.” Relatively in- 
elastic materials, such as 
soft steel and cast iron, 
have a high rating in this 


respect as compared to 


Write the trend in alloy 
steels is toward lower alloy 
content and cheaper ele- 
ments, the gray iron 


foundryman is improving 


his castings by adding mod- 
erate amounts of nickel and 
chromium. He also is melt- 
ing hot, with considerable 
steel scrap in the charge. 
Such castings are now 
competing with forged and 
heat treated machine parts. 


will note that bearings for both piston rod an« 


shaft have greatly in 
creased in diameter, wit! 
consequent reduction i: 
the actual stress” withi: 
the materials. This’ in 
crease in size, made to re 
duce wear in the bearings, 
has actually reduced th: 
tension, compression and 
shearing stresses in a 
uniformly — proportioned 
crankshaft to values where 
gray iron can be consid- 
ered as a material from 
which to make them. This 


statement at least is 


hardened tempered 


steels which have a high 


of uniformly high grad 


varieties of alloy gray cast 


elastic limit, close to the 
ultimate strength. By the 
same property, soft steel and cast iron are less 
likely to transmit vibrations, or to respond in 
resonance to imposed vibratory forces. 

These considerations — greater strength, 
higher uniformity, larger damping capacity 
all lead the designer to place greater confidence 
in cast iron, as soon as he can have full assur- 
ance that quality is uniformly maintained. 
These advantages are in addition to the ad- 
mittedly great advantage of producing intri- 
cate shapes with the greatest ease. 

A striking example of the application of 
cast iron to a major stress member is in crank- 
shafts for internal combustion engines. One 
analysis of iron employed for this purpose, as 
quoted by the editor in Merat ProGress for 
February, might almost be called a high carbon 
alloy cast steel, it is so low in carbon. — Its 
strength compares favorably with rolled or 
forged mild steel, even if somewhat inferior to 
a heat treated “40-carbon” steel forging. To 
many people this application is most surprising, 
since it has always been maintained that crank- 
shafts are subject to severe punishment, and 
therefore should be made of the toughest ma- 
terial, particularly since a failure during opera- 


tion might ruin the engine. 
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iron containing properly 
applied steel scrap. 

Aside from the reduced cost of the casting 
process as compared to the forging process, 
there are further advantages of cast iron for 
crankshafts as compared to steel, one of which 
is the bearing properties of the metal. It is 
well known that a cast iron bearing is very r¢ 
sistant to wear. This is true also of the harder, 
stronger, high test cast irons. The machinabl 
hardness of the most suitable grades of cast iron 
is even greater than that of heat treated steel. 
Therefore, if the modern proportions of bear 
ings are retained, their durability can be still 
further increased. In fact, the bearing proper- 
ties of cast iron are good enough so that forged 
aluminum connecting rods can be run in direc! 
contact without the usual bushings. 

Modern designs of crankshafts are counte! 
balanced in some way. The problem of forgin 
the counterbalance weights integrally with th 
shaft has been a difficult one. In some cases | 
has been economically impossible; surfac« 
would then be machined on the cheeks of cran! 
shafts and counterbalance weights bolted 0 
The casting process permits one to form thes 
weights readily in one piece with the sha! 
Cored holes through the crankpins also reduc 


the counterweights. Lastly, with precise mol 
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» methods, cast shafts can be produced with 
nall dimensional variations, and are therefore 
onomically handled in the process of accu- 
itely balancing. 

If the principles of good design are applied, 
ist iron is a feasible material for most of the 
mventional types of multi-throw shafts for 
utomotive engines — it being well known that 
he Ford Motor Co. now has cast crankshafts in 

production. The illustration herewith shows 

the working parts of a single cylinder engine 
with a cast iron crankshaft, made by the author's 
firm. This engine has a low expansion, heat 
treated aluminum alloy piston and a drop 
forged and heat treated aluminum alloy con- 
necting rod. This rod is reamed to fit directly 
on the ground pin of the cast iron crankshaft 
without shims or babbitt. This bearing requires 
only constant level splash lubrication, employ- 


ing a dipper formed on the rod. The helical 
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timing gears, which normally transmit the en- 
lire horsepower of the engine, at 6 to 1 ratio, are 
cult from S.A.E. 3250 chrome-nickel steel. oil 
hardened and drawn. 

The iron in the crankshaft is produced in 
a cupola, and contains 18° steel scrap. The 
analysis is: Total carbon 3.30 to 340°., silicon 
1.70, manganese 0.60 to 0.80, phosphorus 0.20°,. 
To this is added 2% nickel and 0.75‘. chromium. 
The hardness is Rockwell B-97 to 101, 

In order to check the endurance of this cast 
iron crankshaft against fatigue failure, a test 
was conducted in which a pulley was mounted 
in an entirely overhanging position beyond the 
tapered end of the crankshaft. Over the pulley 
passed a belt under constant tension, computed 
to impose a bending stress on the shaft of 
10,000 Ib. per sq.in. The engine was run with 
this load on the crankshaft for more than ten 
million revolutions without the slightest indi- 

cation that a failure would 
ever occur. The signifi- 
cant features of this per- 
formance are that the full 
torque load, between the 
crank throw and the fly- 
wheel, was simultaneously 
being transmitted through 
the same portion of the 
shaft that carried — the 
maximum bending stress 
due to the belt. In- the 
second place, a fillet radius 
on the shaft very near to 
the zone of stress was de- 
signed to be only one- 
twentieth of the shaft 
diameter, but through an 
oversight) the machinist 
eft the junction prac 
tically square. The en- 
durance run of ten million 
revolutions was completed 
even under these severe 


conditions, 


Single Cylinder Gas Engine 

Whose Moving Parts Are High 

Grade \/loys Cast Crank 

Wuminum Piston and Rod 

Oil Hardened Timing Gears 
and Rall Bearings 
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A Test tor Tool Steel 


N AN ARTICLE in the March issue Mr. 
Lantsberry raised the point that “body” of a 
tool steel has reality, even though it has not vet 
been measured quantitatively, and that it gives 
no increase in precision merely to invent an- 
other name for it, such as “timbre” or “person- 
ilitv.” Of course, that is true, and the real rea- 
son why quality or body has not vet been 
evaluated is that sufficient scientific study has 
been lacking, and we do not know what meas- 
urable properties are chiefly responsible for re- 
lability. 

That does not mean that a method cannot 
be agreed upon for grading tool steels in a use- 
ful manner. Even though the system might be 
based on arbitrary “standards,” it would form a 
lixed basis of reference for test data. 

Such a system of classification has indeed 
been developed. It was described by B. F. Shep- 
herd of Ingersoll-Rand Co. at the recent Tri- 
Chapter meeting in Columbus. It is based upon 
the time-honored criteria of the fine steel in- 
dustry — namely, the depth to which a bar will 
harden and the fracture of the unhardened core. 
Neither of these observations requires any com- 
plicated equipment — only a scale and a serics 
of comparison fractures, numbered consecutive- 
ly from finest to coarsest. (In addition to the 
standards for fracture, the heat treatment and 
juenching routine should also be standardized 
hat is, agreed upon.) If now such observations 
ire made on four or five samples, quenched 
irom increasing temperatures, a good picture of 
ie quality of the steel results, and it can be re- 
duced to definite figures. 

For instance, if the steel hardened to the 
oper depth, say 0.20 in., and did not harden 
ich more deeply despite a considerably higher 

nch, nor did the fine-grained core (arbitrary 
rseness No, 2) become much coarsened, the 
dening qualities of this steel might be de- 

das “0.20 plus 0.05; No. 2 plus 1.° where the 
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first pair of figures represents depth of harden- 
ing and the second represents size of the macro- 
grain. It is probable that if a second shipment 
of equivalent analysis hardened 0.20 and 0.25 
in. deep after low and high quench, and the re- 
spective fractures were graded No. 2 and No. 3, 
this second shipment would be interchangeable 
with the first as far as susceptibility to cracking, 
toughness under impact, wear resistance, and 
the other items which go to measure satisfactory 
performance are concerned. Certainly these two 
steels would be expected to perform much dif 

ferently from a third which would be graded 
“0.15 plus 0.10; No, plus 3.° notation which ob- 
viously refers to coarse-grained steel which re- 
quires a high hardening temperature to give 
satisfactory penetration. 

It is admitted that this notation is not based 
on any information as to what makes the steel 
harden deeper or gives it a coarse fracture. But 
even though it is arbitrary, it is at least specific, 
and it is a necessary first step to determine the 
more fundamental facts, for it will enable dif- 
ferent observers to be sure they are observing 
steels of substantially the same inherent char- 
acteristics. In this Mr. Shepherd's test will be 
like the measurement of micro grain size in the 
MeQuaid-Ehn test, which has been done for 
many vears, soth tests will enable the steel 
user to be more sure of the uniformity of each 
jot of metal —— how it will act in various fabri- 
cation processes and in service before putting 
expensive work upon it. 

The editor of the Delaware & Hudson Rail- 
road Bulletin recently overheard a lady's ac 
count of how a locomotive is made: 

“You pour a lot of sand into a lot of boxes,” 
she explained, “and you throw old stove lids 
and things into a furnace, and then you empty 
the molten stream into a hole in the sand, and 
everybody vells and swears. Then you let it 
cool and pound it. and then you put it in a thing 
that bores holes in it. Then vou serew it to- 
gether, and paint it, and put steam in it, and 
they take it to a drafting-room and make a blue 
print of it. But one thing I forgot — they have 
to make a boiler. One man gets inside and one 
man remains outside, and they pound fright- 
fully; and they tie it to the other thing, and you 


ought to see it go! 
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actors affecting 
performance of 


tool steel 


ITH the ever-increasing number of tool 
steel compositions, the publication of many 
technical articles pertaining to the various fac- 
tors of the subject and the differences of opinion 
expressed as the newer ideas are advanced, the 
average tool steel user is becoming much con- 
fused as to just what it is all about. 

As different compositions, processes and 
tests are developed, the immediate reaction is 
to try it. Frequently over-emphasis is put on 
the value of one particular property, while fun- 
damentals so necessary for successful operation 
are lost track of. As a result compositions and 
processes are misapplied and tests that are not 
fully understood and controlled are used, re- 
sulling in considerable loss of time, money and 
material. 

The object of this article is to point out the 
fundamentals involved, which must be recog- 
nized in order to develop the full possibilities of 
a given steel. 

The factors influencing the performance of 
tool steels may be classified as manufacturers’ 
variables and customers’ variables. Manufac- 


turers’ variables include chemical composition, 
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raw materials (iron and al- 
loys), melting and casting 
forging practice, and lastly 
annealing. Customers’ vari- 
ables include the selection of 
suitable composition, — too! 
design, and heat treatment. 

A brief description of 
the alloys employed today in 
tool steel may further your 
picture of alloys and _ their 
relation to tool steel. 

As is well known, straight 
carbon tool steels depend on 
the iron-carbon ratio for 
their physical character- 
istics, other things being 
equal. As the carbon content 
(“temper” in old-time par- 
lance) increases, tensile 
strength, hardness and cutting efliciency in- 
crease, and toughness and ductility decrease. In 
the adjoining table of compositions, therefore, 
the carbon is not shown, for it must be specified 
by the purchaser having in view the purpose in 
tended. Carbon content of steels suitable for 
various uses is given in National Metals Hand- 
book, 1933 Edition, p. 773. 

In these carbon steels silicon and manga- 
nese are employed only as necessary deoxidiz 
ers, and not for their alloying properties. 

Manganese as a tool steel alloy has its more 
useful field in the non-deforming steels. A com 
position of 0.90°) carbon, 1.505 manganese 
an oil hardening, non-shrinking steel of mod- 
erately high hardness, but with very low impact 
strength and a very narrow hardening ran 
Full benefit of the alloy manganese can only 
obtained by its combinations with chromi 
and vanadium. 

Chromium is the greatest hardening al!) 
in tool steel. As little as 0.15°¢ chromium ir 4 
1‘; carbon steel has a decided effect on both 
degree and depth of hardness on quenching © 


piece of 1 in. round will harden through 
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ater quenching from 1550° F. Higher hard- within each type offered for a specific purpose, 
ess is obtained without the degree of brittle- and this represents the practice, opinions, ex- 
ess obtained from manganese. The ability of periences and development of individual or- 
rromium to form carbides is utilized in the ganizations. In selecting a type of steel for a 
sh speed steels and the high carbon, high particular purpose, purchasers must give this 
iromium steels. thought consideration. 
Vanadium imparts some increase in hard- Turning now to the adjoining table of car- 
ess, combined with considerable toughness, to bon steel tools, steel No. 1 has a wide manga- 
-ater hardening steels. As little as 0.15°7 va- nese, silicon, phosphorus and sulphur specifica- 
adium develops this effect. Compared with tion, with no limits imposed on possible alloy 
the earbon steels containing small 
amounts of chromium, vanadium 701 , . At Left Are Curves Show- ‘a 
steel is rather shallow hardening, Hardened Nj ing Response to Heat Treat- . 
Tempered ment of “Extra” Grade of 
but has an exceedingly fine grain & , ‘ 
65 Carbon Tool Steel. Small 
and definite depth of case; it also” 1450 1500 1550 1600 ‘sections should be hard- 
renders the steel less susceptible  % Hardening Tempereture, F. ened from about 1450° F.; , 
lo grain growth on overheating. © 1500° F, Higher heats cause ; 
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nadium, or both. Its carbide form- 


: ability, its stability at elevated 


~ 


temperatures, and its red hardness properties are further ex- 


Hardened, Nos 


/empered 


tended with the use of chromium to increase the hardness, 


and vanadium to increase the toughness. ke 160. 
% Hardening Temperature, F 
tungsten, chromium, vanadium and manganese 
the essential alloving elements in tool steel. It is evident & 
from the effectiveness of these alloys that their presence in & 
carbon tool steels must be definitely controlled if uniform “ 6% 
hardenability is to be maintained. The elements nickel, cop- & 
per, titanium and aluminum may be present in carbon steels = 3 | 
ind will contribute to hardenability variations. x 
from this outline of the individual alloy properties, it 
can be seen that even small quantities of these alloys exert 5S _ — — - 
i definite effect on the resulting hardened structure of steel. loemoerina Temperature OF. 
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shock resisting steels. | No “mits 
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contamination. It is obvious that its use is lim- 


ited to tools not subjected to severe conditions. 

Steel No. 2 is suitable for general purposes 
where excessive requirements are not de- 
manded, such as blacksmith tools and parts sub- 
jected to steady pressures. This represents the 
“Standard” grade of most manufacturers. 

Steel No. 3 is a good, carefully controlled 
steel, suitable for all purposes to which plain 
carbon tools are adapted. It has good harden- 
ability, and on hardening and tempering it has 
high shock and impact resistance. It can be 
used for cutters and reamers, shearing tools and 
shock tools. This steel is the “Extra” grade of 
most makers. Its response to heat treatment is 
indicated by the first pair of curves. 

Steel No. 4 is a carefully controlled carbon 
steel, containing approximately 0.20° vanadi- 
um. This addition of vanadium increases the 
fineness of the grain on hardening, and in- 
creases the toughness. It is sometimes used in 


place of No. 3 or No. 5. 


Steel No. 5 is the highest quality water 


hardening carbon tool steel. The very close ele- 
ment control, along with the indicated amount 
of chromium and vanadium, in addition to in- 
creasing the shock and impact resistance, also 
develops somewhat higher hardness and_ in- 
creased culling values. It is used for taps. mill- 
ing cutters, circular cutters, and blanking and 
forming dies. This is usually called the “Spe- 
cial” grade. 

In this type of tool steel, the selection of 
raw materials and the melting technique are the 
major factors in developing the physical proper- 
ties of these steels. Close control of all the ele- 
ments can only be obtained by the use of care- 


fully selected, costly raw materials. 
Pure Materials Necessary 


Selection of materials in developing steel 
for specific properties is an economic as well 
as a metallurgical problem. The stock avail- 
able varies from Swedish wrought iron and 
Swedish pig iron to American iron, tool steel 
scrap, open-hearth scrap, and turnings on down 
to the baled nondescript material. A consider- 
able choice also exists in the selection of alloys; 
the alloving elements may be derived from the 


ferro-alloys of chromium or vanadium, or from 
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chromium ore or vanadium oxide. From this 
can be seen that an innumerable number 

melting combinations and conditions are px 
sible; each must leave its mark on the produ 

Melting materials affect both the “quality” 
of the product and the variations from one bate); 
to another. Generally speaking, the low im- 
purity, uniform raw material costs the most, but 
vields the highest physical properties and t! 
fewest variables in the finished product. 

To illustrate this consideration of physica! 
properties, Bain and Grossmann, in their recent 
book on High Speed Steel, state that steels of 
identical composition in all elements ordinarily 
determined, when made from a base of wrought 
iron and ferro-alloys, differed surprisingly in 
mechanical properties from that made of scrap 
base. Steel made of wrought iron and alloys 
was reported as stiffer in hot working, and said 
not to anneal below 220 Brinell. In the hard- 
ened condition, its hardness was reported as 
better preserved at elevated temperatures, so 
that it had greater high speed cutting efliciency 
These statements have been verified by the writer 

The manufacturing of high speed steel has 
the widest diversion of practice of any steel! 
made. This is due to the wide selection of raw 
material available. 

A high speed steel free from unreduced 
oxides and other impurities can only be ob- 
tained by a careful selection of melting stock 
and alloys. Complete refining and greater unl- 
formity of any tool steel in the electric furnace, 
is best accomplished with a minimum of oxides 
in the original charge. This is the stage of 
manufacture where the variables, as seen by the 
hot etch test and so-called “hardenability,” are 
cither controlled or not controlled. 

Casting Practice, like the selection of raw 
material, is an economic as well as a meial- 
lurgical problem. While low mill costs accom- 
pany the use of large ingots, metallurgical fac- 
tors are better met by the more difficult casting 
of small ingots. 

The size of the ingot cast determines 
As the ingot size 


the 


degree of segregation. 
creases, its solidification rate decreases and ('\' 


h 


dendrite growth and segregations increase. 
alloy tool steels, such as high speed and h 
chromium steels, the slower cooling increa-°s 


the danger of carbide net work and segr« 
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ms. Both structures are but poorly broken up 
od distributed in the subsequent forging op- 
ration. In high speed steel, large carbide 
gregates are broken up somewhat by the forg- 
ig, and lie as fragments in stringers throughout 
he bar. These carbides go only partially into 
lution during heat treating, rendering the steel 
more susceptible to cracking, both in hardening 
and under the strains of service. For this rea- 
son, the rule is that ingots should be of such size 
as to allow a reasonable amount of working and 
reduction, but no larger, in order to obtain a 
minimum of these undesirable casting stringers. 

The degree of solidity of an ingot depends 
on mold and hot top design. A minimum hot 
top capacity of 15°) by weight of the ingot is 
necessary to insure soundness below the crop. 

As most readers are familiar with forging 
practice of one kind or another, they can readily 
visualize the care necessary during forging and 
rolling operations to insure a well-finished bar 
of tool steel. Overheating, cold working, de- 
carburized surface (referred to as “bark”), 
bursts, fins, or laps can occur unless extreme 
care is exercised. Here, too, lies an economic 
as well as a metallurgical consideration. It is 
cheaper to reduce an ingot by rolling, vet the 
more difficult method of hammering insures 
better internal structures. 

Today, good annealing practice at the mill 
brings the tool steel to you in a condition most 
suitable for machining and hardening. In an- 
nealed carbon tool steels the cementite is 
spheroidized. This structure has good machin- 
ing properties and is in the best condition for 
uniform hardening. A well-spheroidized steel 
goes through the critical range somewhat more 
slowly than a lamellar structure, giving the 
piece a better chance to equalize its strains and 
lessening the tendency to warp and crack. To 
illustrate the reason for this, the solution of 
lamellar structure into austenite can be com- 
pared with soap flakes in water. The thin 
lakes have high solubility and disappear rapid- 
lv in the dissolving medium. Spherical par- 

les, because they have smaller surface relative 
') their volume, dissolve slowly. 

This outline gives vou a picture of the prin- 
il phases of manufacture and the responsi- 
tv that rests with the supplier. The problem 
successful ultimate product from this point 
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on rests with the purchaser. His problem is 


one of selection, tool design, and heat treatment. 


Tool Design 


A large number of failures in hardening oc- 
cur because definite, elementary laws of design 
are ignored. Avoid sharp corners; the use of 
generous fillets greatly reduces quenching 
strains, and even the smallest fillet makes all 
the difference between success and failure. Holes 
drilled at proper intervals in unbalanced sec- 
lions will make the tool more uniform in cross 
section, and will aid in preventing strain and 
warpage. Little recognition is given of the fact 
that many strains are introduced by machin- 
ing. Machine marks in themselves are danger- 
ous surface notches which should be avoided. 

Before hardening an intricate piece which 
has been subjected to considerable machining, 
it is therefore good practice to normalize it. 
Carbon and low alloy tool steels should be 
thoroughly heated to 1500 to 16007 F. to put the 
carbides into solution and then cooled in. still air, 

High speed steels do not lend themselves to 
normalizing, on account of their air hardening 
ability, which tends to form a semi-hardened 
condition and produces flake on subsequent 
hardening. After forging and before harden- 
ing, these steels should be thoroughly annealed. 
This will relieve machining strains, lessen the 
tendency to warp, and leave these steels in the 
best condition for subsequent hardening. 

Having finished a well-designed tool and 
passed it on to the hardening room, it will meet 
other variables which affect the results. 

Atmosphere in the hardening furnaces is of 
major importance. Its control is not as simple 
or foolproof as some furnace people make it 
out to be. Improper proportion of gases results 
in scaling or decarburization, or both. A raw 
gas jet into the muffle will often give a good 
atmosphere; sometimes a litthe sawdust or coke 
placed on the furnace floor will help. 

Successful) atmosphere control depends 
mainly on the diligence of the furnace operator. 
By close observation, a set of conditions can be 
set up that best suits that particular furnace. 

In this age of close temperature control, an- 
other factor to be watched is the ability of a 


furnace to heat uniformly (Cont. on page 42) 
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Mie comments about 


flakes in big 


forgings 


Dense Steels With Low Critical 
Are Most Susceptible 


IDLAND, Pa.—- In the November issue was 

published an article on “Flakes in Alloy 
Steels” by H. H. Ashdown, to some points of 
which Dr. Giolitti takes exception in his letter 
in the February issue. We would like to state 
some experiences at Pittsburgh Crucible Steel 
Co. along the lines on which there seems to be 
a difference in opinion. 

We agree with Mr. Ashdown as to the na- 
ture of flakes. We have always found “flakes” 
and “internal ruptures” or “fissures” to be iden- 
tical; they form usually along the interstices of 
dendrites, these being the regions at which the 
steel can rupture most easily to relieve internal 
strains. When present, they are usually found 
in the bloom, inside an area bounded by lines 
drawn midway between the center and surface. 
This is where they would be expected, if uneven 
cooling were the cause. 

Che following is a reasonable hypothesis as 
to the way they form: When a bloom leaves the 
mill, it is at a fairly even heat throughout. If 
allowed to cool uncontrolled, the outside cools 


rapidly with the inside progressively lagging 
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Therefore, the coo 


behind. 
outside is contracting around 
When th: 


steel goes through the crit 


the hot inside. 


ical, a time is reached whe: 
the outside of the bloom i: 
emerging from the transfor 
mation and is expanding 
while the inside is prog 
ressively entering the critica! 
range and still contracting; 
the outside shell is tending 
to pull away from the inside 
and the natural consequence 
is a number of internal rup- 
tures. The same effect oc- 
curs on the ends of the 
bloom; some metal must b« 
cut away (about half the 
bloom width) before rup- 
tures or flakes can be found 
in a cross section. 

We agree with Mr. Ashi 
down in that if non-metallic 
inclusions are a cause of ruptures, they must 
be a secondary cause, because the steels most 
susceptible to ruptures are alloy steels made 
under practices to give the cleanest steels ob- 
tainable. We believe the principal conditions 
making steels susceptible to rupturing are firs! 
a high density, which prevents the dissipation 
of internal strains without rupture, and second 
a low critical range (due to the presence of an 
alloy) thus making the strains occur after th: 
steel has cooled and lost its plasticity. 

Dr. Giolitti states that he has never seen 
hairline cracks on the polished surfaces of gun 
forgings. We have found that they are readily 
seen when the transverse section is ground, both 
as dark lines and by the cooling water whic! 
comes out of the openings. If the section ts 
heated in an oxidizing atmosphere before ete! 
ing, the flake will be outlined to its full dept! 
by decarburization. This proves their actua! 
presence before testing strains pull them apat 

Tensile test bars being prepared from bad! 
ruptured blooms have fallen apart in the lat! 
due to ruptures which extended across the } 
Though this metal had been refined by ly 
treatment, the fractures showed the coars 


shiny crystalline structure of typical flakes. 
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We have not found the development of 


akes to be dependent on the speed of testing 
or have we been able to eliminate them by 
cat treatment. However, if a ruptured or flaky 
loom is rolled or forged into a slightly smaller 
size and the cooling is controlled, no ruptures 
nor flakes will be found. If rolled or forged 
into a sufficiently small size, depending on the 
analysis, no controlled cooling is necessary to 
prevent ruptures or flakes. 

In summary, if the peculiarities of various 
analyses of steels in various sizes are kept in 
mind, and the use to which each forging will 
be put is known, the steel maker and forgemen 
will be able to control the cooling conditions so 
that ruptures are altogether prevented or kept 
at a harmless minimum, 

W. P. Benrer 


Flakes Are True Cracks 
at the Krupp Works 


SSEN, Germany — The first thing to do in 

discussing the problem of flakes is to fix 
very clearly in the mind a precise definition for 
the word “flakes.” 

Flakes are cracks, as Ashdown states cor- 
rectly, which are formed directly after forging 
while the forgings are cooling. It may be that 
some secondary cracks or enlargements of 
the original cracks — the true flakes — are pro- 
duced when the forgings are heat treated, as by 
water quenching and drawing. For precision, 
however, metallurgical engineers when they dis- 
cuss the problem of flakes, should direct their 
thoughts to internal cracks occurring during the 
cooling of forged or rolled steel. 

Cracks which form during the application 
of sufficient stress to cold specimens of dirty and 

egregated steel sometimes look like true flakes, 
yut can be distinguished by close observation. 
(racks due to impurities and segregation us- 
ally present a woody structure (or, as we 
ould say, Faserstruktur), a conchoidal frac- 
ire (muscheligen Bruch), or contain slag in- 
usions (schlackenhaltigen Bruch). In large 
rgings it is not always easy to make a clear 
istinction, but it is possible. 

Impurities in steel may help to develop 

ikes, but they are not the real cause. As Mr. 
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Ashdown states, the purest steel can develop 
flakes; steel made in the basic electric are fur- 
nace is one of the purest varieties, vet it is most 
susceptible to flakes, 

It is not always possible to detect flakes, 
as Dr, Giolitti states, by careful search on the 
polished surface, because the cracks are often 
in a region under heavy compression and are 
therefore closed by compressive stresses. How- 
ever, it is often possible to discover them after 
deep etching with a strong acid and repolishing. 

The development of flakes is therefore not 
dependent upon the test procedure since flakes 
are not developed by testing. The detection of 
flakes is dependent upon the test procedure. 

Furthermore, you can’t cure the disease by 
a heat treatment, because if flakes are there, 
there are cracks there, which can only disappear 
by pressure welding and then only if air has 
been excluded from the cracks and the surface 
is not oxidized. 

I am therefore in agreement with Mr. Ash- 
down’'s interpretation of the problem. My dif- 
ferences with Dr. Giolitti exist because the point 
under discussion was not clearly fixed by pre- 
liminary definition, 

Epovuarp 


Facts, Not Theories, 
About Flakes in Gun Forgings 


ASHINGTON, Mr. Ashdown’s ar- 

ticle on “Prevention of Flakes in Alloy 
Steel” in the November issue is considered to 
be reasonably accurate except as to one para- 
graph. Consequently when Dr. Giolitti in his 
letter to Merat Procress in February contradicts 
Mr. Ashdown on five questions of fact, it might 
seem that since ample evidence confirms Mr. 
Ashdown as to these points Dr. Giolitti must 
be in error. However, this probably is just an- 
other case of mistaken identity. 

While the same or a very similar defect 
had been known from early times in the higher 
alloved steels (such as the material for armor 
and armor piercing projectiles) under the 
names of “chrome checks” or “hairline cracks,” 
the word “flake” became attached to a partic- 
ular defect which appeared as a disastrous 


plague when mass production of gun forgings 
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from basic electric steel was undertaken in 
America during the War. A type of defect of 
quite different case history which corresponds 
in some respects to Dr. Giolitti’s description, has 
caused considerable trouble in rail steels in the 
track, where it becomes evident as internal 
transverse fissures. 

Mr. Ashdown’s introductory statement that 
“It may fairly be said that the problem was not 
whipped at that time as far as American forge 
shops were concerned, for even at the end of 
the War rejections of gun tubes were large” is 
conservative to the point of grave understate- 
ment, if confined to forgings of basic electric 
steel. On the other hand, flakes were not a seri- 
ous problem in acid open-hearth gun steels 
melted in the plants of those firms with long 
experience in ordnance manufacture. 

Of the facts, theories and statements con- 
cerning the nature, habit and prevention of 
flakes put forward by Mr. Ashdown and Dr. 
Giolitti, none had been unvoiced at that time 
(1917 to 1919). 


cumstance is that gun forgings of superior qual- 


An additional important cir- 


itv, made from basic electric steel, had been 
produced regularly in at least one plant before 


Nake-producing practice was introduced; fur- 


Lad he 856 5 


thermore, production of flake-free forging 
made of the more susceptible chrome-nick« 
steel was continued without interruption fron 
the same melting units which produced = th: 
Naked gun forgings. 

In the face of these facts and notwithstand 
ing the urgent need for the guns, most of tly 
basic steel gun forgings were ruined by a con 
trollable defect! The circumstances responsibl 
are so closely bound up with human nature that 
the probability of a recurrence of this or a sim 
ilar disaster constitutes a menace to our na- 
tional defense. It is perhaps inevitable that in 
the event of another war the same conditions 
will return and obtain, 

Objectors to the above statement may say 
that it is inconceivable that the very substantial 
progress made in the art of steel making in re- 
cent vears should be ignored, but it was equally 
unreasonable that a similar course should have 
been followed during the War in Europe. There 
is no assurance that recently acquired authority 
will not then breed in its possessors the convic- 
tion of their competence as technical experts 
about metallurgical problems with which their 
acquaintance may be adequate neither in dura- 


tion nor intimacy. 


10 


Flakes in the Bore of a Large Gun Rendered Conspicuous by Liquid 
Which Crept Out of These Fissures After Etching the Surface 
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Flakes are visible with more or less difli- 
ity on freshly machined surfaces. Some es- 
iped detection on guns finished, but not 
oved, at the end of the War. Rejections for 

lakes discovered subsequently in the finished 
ore of tubes made under War-time contracts 
ave reduced still further’ the 
ready small percentage of ac- 
ceptable forgings the 
plants which first attempted to 
make them during the War. 

With the lapse of time in 

storage the edges of the flakes 
may become stained. If the bore 
is washed free of the grease used 
lo prevent rusting, an oily solu- 
tion oozes out of the flakes, re- 
vealing their position. If a clean 


bore of either an old or a newly 


face cleaned of etching solution, 

liquid which has been in the flakes during the 
cleaning creeps up about the edges, thereby 
marking the location. One instance is illus- 
trated in the large halftone. This method was 
relied upon to distinguish flakes and other fis- 
sures from surface markings before the inven- 
tion of an optical instrument for examining 
bores at a suitable magnification. 

When flakes have escaped detection in gun 
tubes up to the time of proof firing, they then 
become visible, for the faces become separated 
a sensible distance, and the metal about the 
ends of the intersection of the flakes with the 
bore shows evidence of stretching, and often 
shows cracks running into the hitherto sound 
metal. The round field above shows an area in 
a flaked gun after proof firing. 

When a gun tube, rejected for flakes, is cut 
up and fractured so as to lay the flakes open 
(the bore surface previously having been 
etched or heat tinted so that the faces of those 
Jakes whose edges intersect the bore become 
tained), these flakes will be found on the frac- 

ired surfaces to be discolored over their whole 
rea, while those flakes which were deeper 
cated have the characteristic bright surfaces. 
‘y this and by other means it may be shown 
at the bright spots in a fractured surface rep- 
sent the exact extent of internal fissures in 


« forgings. Any extension of the original 
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Which Throws 
Heavy Stresses Into Gun, Re- 
made gun is etched and the sur- veals’ Undiscovered Flakes 


Proof Firing, 


fissures (flakes) by mechanical strain can be 
noted by the contrasting character of the sur- 
rounding fractured surface. Thus, the cut on 
the next page shows: 

(a) Zones about the three flakes which were 
cut into by the boring tool, darkened by oil 

absorbed during machining. 
(b) That the outline of all 
the flakes is independent of the 
bored surface; the second flake 
from the left, like the others, 
was of circular outline but part 
is covered and part broken 
away. 

(c) Unmistakable contrast 
between the surface of the flakes 
and the surface fractured me- 
chanically for the purpose of 
disclosing them. 

These real flakes certainly 
do not correspond with Dr. Gio- 
litti’s account of a defect not found in the clean- 
est steels, not visible in even a single instance 
as a hairline crack on polished surfaces, a de- 
fect produced by mechanical strain and favored 
by slow deformation, and lastly a defect curable 
by heat treatment. 

The one paragraph in Mr. Ashdown’s arti- 
cle which does not agree with conditions ob- 
served by the writer is that one containing the 
statement “At a forging heat they (flakes) will 
weld together perfectly.” Not one of a consid- 
erable number of forgings reforged to smaller 
diameters after they were discovered to be 
flaked was found to be free from flakes after 
reforging. This has also been true of forgings 
upset and pierced in dies. Some of the flakes 
mav have been eliminated but some persisted. 

It is not considered desirable to add to the 
existing confusion of theories in regard to the 
origin of flakes and none will be advanced here. 
The following observations, based on the pro- 
duction of gun forgings in four vears, during 
and just after the War, and inspection of gun 
forgings from various other sources up to the 
present time, represent definite truths and may 
serve to limit hypotheses. The term flakes is 
used herein to designate the War-time defect 

internal fissures with faces of a characteristic 
brightness and peculiar texture, geometrically 


arranged with respect to the shape which the 
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forging has while it is cool- 
ing after forging from the 
original ingot. 

Flakes in forgings made 
at one heat are substantially 
circular in outline and ap- 
proximately flat. Except at 
the core of cylindrical solid 
forgings the flakes have a 
predominating preferred 
orientation as radial cracks 


on cross-sections and as lon- 


Flaked Blank. 


gitudinal cracks in bores or 
in tangential sections. 

Their orientation and shape is independent 
(within the limits observed in gun forgings) of 
the amount of reduction in forging. 

Flakes do not occur within a considerable 
distance of the surfaces which constitute the 
outside and ends of the forging at the time it 
first cooled. Flakes may occur near one end of 
a forging and not at the other, or at the mid- 
dle and not at the ends, or over the whole length 
except the extreme ends. 

Flakes frequently are many times larger 
than any austenitic grain which may be de- 
veloped in reheating the steel in which they are 
found. The extent of any given flake is not 
limited by the dimensions of any dendrite. 

Attempts to produce flakes by reheating 
flake-free forgings have been unsuccessful. No 
case has been observed by the writer in which 
flakes were produced or diminished by heat 
treatment. Where treatment cracks have been 
opened in flaked forgings, the texture of the 
flake is easily distinguished from that of the 
rest of the fracture in which it may be found. 

Flakes may be distorted by reheating and 
forging a flaked forging. 

Susceptibility to flake bears some relation 
to melting practice and to ingot practice. The 
greatest number and greatest proportion of 
flaked forgings have occurred in ingots charged 
hot from the mold into hot forge furnaces. How- 
ever, flakes have occurred to a smaller extent 
in ingots which have been cooled by burying in 
y after stripping. 

The greatest number and highest propor- 


ashes immediatel 


tion of flaked forgings have occurred in the steel 
from basic electric furnaces operated accord- 
ing to a procedure designated for the produc- 
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" Fractured Section of Bored Forging, Pierced in a Die From a Badly 
Oil penetrated into such flakes as reached the surface 


tion of clean steel. This metal was, as a whole, 
distinctly cleaner than the average product of 
the other types of melting furnaces used _ in 
ordnance production. However, flakes have 
been found in forgings from all of the other 
processes. How much responsibility is due to 
the type of process and how much to the method 
of operation is unknown. 

The location of flakes with respect to the 
form of the forging and their circular outline, 
independent of the varying amounts which the 
ingot has been reduced at various points along 
its length, fix the time of formation as after 
forging is complete. Since they may be found 
as soon as the forging is cold, they must have 
formed at some stage of the cooling after forg- 
ing. The fact that fissures are formed presup- 
poses a condition of stress (of thermal origin) 
and this is confirmed by their orientation nor- 
mal to the direction of principal stresses in the 
various forms of forgings in which they are 
found. That the stresses which produced the 
flake had been temporary is indicated by the 
minute distance separating the faces of the 
fissures after the forging has become cold. In 
fact the interior of the forging is usually in com- 
pression by the time the piece has become cold 

That the relief from stress afforded by the 
opening of an individual flake is quite local ts 
indicated by the frequent occurrence of smal! 
flakes thickly distributed face to face at ap 
proximately even spacing around any give 


zone. C. E. MARGERUM 


Mr. Margerum’s letter has been released for pu! 
lication by the Bureau of Ordnance, U.S. Navy an 
the Director of Naval Intelligence. Mr. Margerum 
Material Engineer, Metallurgical and Testing Divisi: 
of the Washington Navy Yard. 
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MODERN 


MACHINERY 


CALLS FOR 


MODERN 


METALS 


NICKEL 


GIVES WHITENESS AND ENDURANCE 
TO MODERN DECORATIVE METALS 


Lone before white metals at- 
tained their present vogue, Nickel 
was used to coat surfaces and give 
them inviting silvery lustre. 


As these gleaming surfaces be- 
came more 
popular, de- 
mand sprung 
up for white 
metals that 
were solid white 
throughout .. . 
metals whose 


surfaces would 
not wear, chip or peel away. 


Again the answer was Nickel... 
Nickel in the form of Solid Nickel 


Silver. 


Solid Nickel Silver is made by 
alloying from 12 to 25 per cent of 
Nickel with either brass or bronze. 
The Nickel content imparts the 
desired white color and a dense- 
grained structure which gives life- 
time wearing qualities. 


Much of the white metal that is 
used in modern ornamentation is 
‘ong-enduring Solid Nickel Silver. 
foday you see it everywhere... 
everywhere that 
metal work must 
ombine beauty 
color and low 
st Maintenance. 


In almost any 
p-to-date build- 
g you find door- 
iys, grille work, 
m, hardware... 


AY, 1934 


metal fixtures of every kind... 
glowing with its soft warm high- 


lights. 


Serving many of the same pur- 
poses, you also see silvery surfaces 
of another white alloy. This material 
is Monel Metal...a natural alloy 
of Nickel and copper. 


These alloys of high Nickel con- 
tent offer decorative opportunities 
that are indispensable to the mod- 
ern architect and builder, but there 
are dozens of other alloys contain- 
ing Nickel that are also indispens- 


— 


Solid Nickel Silver 


(WHITE BRONZE) 
A hard, tough, strong alloy con- 
taining up to 25% Nickel. Widely 
used for exterior and interior orna- 
mentation and for fixtures, hard- 
ware, trim, etc. 


Monel Metal 


A white natural alloy containing 

approximately two-thirds Nickel 

and one-third copper. Rust-proof 
and corrosion-resisting 


able in every 
fre ld where 
man uses 
metals. 

The alloys 


containing 


Nickel em- 4 
braceavariecty 
of compositions, each carefully de- 
termined as a result of laboratory 
and service tests. They offer a wide 
range of improved properties... 
properties that assure increased re- 
sistance to heat, stress, fatigue, ero- 
sion, corrosion, abrasion and wear. 


Among these alloys are Nickel 
Alloy Steels, Nickel Cast Irons, 
Nickel Bronzes, Stainless Steels, etc. 
Wherever wheels turn...wherever 
machinery operates, you find these 
strong, hard, tough materials insur- 
ing greater endurance and greater 
dependability. 


Alloys containing Nickel are easy 
to obtain. They are commercially 
available in all important metal 
consuming centers. If you are plan- 
ning new buildings or equipment, 
or plan to modernize the o/d...our 
engineers will be glad to advise 
you concerning the most suitable 
application. 


THE INTERNATIONAL NICKEL 
COMPANY, INC. 

Ww Miners, refiners and rollers of Nickel. 

Sacome Sole producers of Monel Metal. 

67 Wall Street New York, N. Y. 
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IF YOU HAVE 
TEMPERING TO DO 


MODEL NA-21 FURNACE 
Max. temp. 1200° F. Cap. 250 hr. 
| Container 16” diam. x 20” deep. 


here is the furnace to use... 


THE LATEST 


“AMERICAN” 
ELECTRIC AIR 


TEMPERING 
FURNACE... 


@ |t is fast and uniform. 
@ |t is clean and economical. 
@ It is very low in price. 


@ Why don't YOU use it? 


We will gladly send you the story. .. 
All we need is your name and address. 


American Electric Furnace Co. 


30 Von Hillern Street Boston, Massachusetts 
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Teel stee} 


(Continued from page 35) at all parts of th: 
hearth. Even with furnaces of good construc- 
tion, it may be surprising to find such great ir- 
regularities in the heat put into a group of ar- 
ticles spread out over the hearth. If such parts 
are being quenched from close to the critica! 
temperature, look out for irregular results. 

Where large numbers of standard tools are 
to be heat treated, definite minimums (if not 
maximums) of time as well as temperatures 
should be laid down for such operations as pre- 
heating, holding at the hardening heat, and tem- 
pering. To secure such data a dozen or more 
test pieces, the size of which would be repre- 
sentative of the work in hand, may be heat 
treated under measured times. A study of their 
fractures and hardness will go a long way in 
helping to maintain a uniform product. Each 
steel will have its particular temperature that 
gives maximum hardness with minimum grain 
growth, and its own characteristic response to 
tempering. 

In hardening large single tools, like shear 
blades and dies, in instances where the work 
does not come up to temperature evenly, shut 
off the heat supply when the work has reached 
approximately 12007 F., and let the furnace and 
work equalize. Then proceed in the regular way 

The quenching medium is usually well 
understood. Where oil is required, several well- 
known soluble quenching oils give satisfactory 
results. Greater danger lies in the water quench. 
Waters from different parts of the country vary 
surprisingly as to composition of the salts and 
amount of gases in solution, their presence be- 
ing the cause of most of the troubles of vate 


quenching. In all cases use clean, cool wate! 


that has been boiled. Addition of one pound 


salt per gallon of water makes a good brin 
quench; it will eliminate the danger of soft spots 
and, in general, give a more uniform surfa 
hardness. Many find a 5‘) caustic soda (NaO!1) 
solution a very satisfactory quenching mediu. 
In the handling of tool steel, bear in mind 


that most of the troubles are not because 


facts are not known, but because we fail to t: 


advantage of what we do know. 


METAL PROGRI 55 


| 
| 
| 
| 
yA 
5 
— 

= 


LET’S LOOK AHEAD... 


cal Twenty years ago, pyrometer users were 
- satisfied if they could measure tempera- 
- ture within 25 degrees at 2000° F. Ten 
7 years ago, 10 degrees was considered good. 


Today the Brown Potentiometer has a 
nd guaranteed accuracy of 1-5 of 1%, or with- 


cir in 4 degrees at 2000° F. 


You may think vou do not need such ae- 


in curacy today, but how about ten years 


« 
= 


from now ? Competition in industry is con- 
stantly demanding more precise manufae- 


turing methods. 


; Why not buy an instrument which has the 


accuracy which you will need in the future. 


: regardless of whether you need it today ? 
’ There is no such thing as too great acecu- 


racy in measuring tempe “ature. You never | 


know when you may need such accuracy. 


| THE BROWN INSTRUMENT COMPANY 
1503 WAYNE AVENUE PHILADELPHIA, PA. 


Branches in 22 Principal Cities 
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CONTINENTAL 


SS 


ABOVE— Two gas-fired furnaces for annealing man- 
ganese steel castings. Both are specially constructed 


to meet specific requirements. 


SULEP OES 3 


az 


AT RIGHT— Typical cross sections showing method 
of firing and the utilization of “Carbofrax” for its 
refractoriness, high thermal conductivity and dura- 


bility. 
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INDUSTRIAL ENGINEERS inc. 


high 


HEN Continental Industrial Engi- 
Inc. designed these gas-fired 
furnaces to heat treat mangenese steel 
castings, uniform heat distribution was of 
vital importance. 

\ super-refractory, having high thermal 
conductivity, was necessary to form an 
essential part of the combustion chamber 
construction. They promptly specified 
“Carbofrax’”—the Carborundum Brand 


Silicon Carbide Refractory. 


The furnaces were built for Pettibone 
Mulliken Company of Chicago, Ilinois in 
1928. After six years’ hard service, these 
furnaces are still in satisfactory operation 

a tribute to the ability of Continental 
Industrial Engineers Ine. 

This service record is also a tribute to 
the refractoriness, high thermal conduc- 
tivity, and durability of **Carbofrax,” the 
Carborundum Brand Silicon Carbide 


Refractory. 


Engineering data bulletins on various applications 


of “Carbofrax” to industrial furnaces on request. 


THE CARBORUNDUM COMPANY 


NIAGARA FALLS, N.Y. 


lractory Division) Perth Amboy, N. J. District Sales Branches: 


Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh. 


its: L.F. MeConnell, Birmingham, Ala; Christy Firebrick Company, St. Louis; Harrison & Company, Salt Lake City, Utah; Pacifiv 
sive Supply Co., Los Angeles, San Francisco, Seattle; Denver Fireclay Co., El Paso, Texas: Williams and Wilson. Ltd., Montreal 


nto, Canada. (Carborundum and Carbofrax are registered trade marks of The Carborundum Company. 
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—the 


HOOVER SUCTION 
SWEEPER 


the OTHER — 


CARBONOL 


THE HOOVER COMPANY'S Metallurgist says : 


*'The Carbonol process is ideally suited for the type 
of work involved since it permits the use of low 
temperatures incident to the employment of Car- 
bonol *B™ as the carburizing medium. We are op- 
erating ata temperature of 1480° F. and experience 
minimum distortion of the beater bars (.050" thick) 
even when quenched in water directly from the car- 
burizing temperature (S.A.E.-LOL5 steel is used for 
the parts.) ... We also appreciate the fact that the 
use of Carbonol gives the operator absolutecontrol 
over carbon content, rate of penetration, diffu- 
sion and sealing which has not been hitherto possible 
by the use of solid carburizing compounds. . . . The 
furnace is not only a valuable piece of equipment 
for the purpose of carburizing, but lends iteeld to ni- 
triding and bright annealing of non-ferrous alloys.” 


( ‘omplete information upon request. 
TRADE MARK 


> PAT. OFF 


HEAT TREATING FURNACES 


(Electric Exclusively) 


HEVI DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 
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Current reading 


Iron and Steel Melting 


Conditions Inside a Blast Furnace, R. C. Tuck 
Iron & Steel Industry, Feb., p. 165. 

Three Phase Are Furnace for Melting, Samuel 
Arnold, Heat Treating & Forging, March, p. 143. 

Effect of Irregular Operation on Furnace Econ- 
omy, E. M. Griffiths, Iron Age, April 12, p. 10. 
Automatic Reversal of Open-Hearth Furnaces, Metal 
lurgia, March, p. 153... . Use of the Carbometer for 
Determination of Carbon, D. Manterfield, Iron & Stee! 
Industry, March, p. 195... . Estimation of Tapping 
Heat in the Basic Open-Hearth Process, Iron & Steel 
Industry, Feb., p. 173... . Action of Fluorspar in 
Basic Slags, Lenher Schwerin, Metals & Alloys, April, 
p. 

Heat Tranfer to the Open-Hearth Bath, W. C. Buell, 
Jr., Iron & Steel Engineer, Feb., p. 57... . Does Shal- 
lowness of Bath Affect Steel Quality? J. H. Hruska 
Iron Age, April 12, p. 14. 

Super-Refractories for Steel Furnaces, W. F., 
Rochow, Paper for Iron and Steel Electrical Engi- 
neers ... . Repairing Furnace Hearths, W. Lister, 
Metallurgia, March, p. 145. 


Rolled, Forged and Drawn Products 


Steel Rails, E. F. Law, Engineering, March 23, p. 
359 . .. . Controlled Cooling for Steel Rails, Steel, 
April 2, p. 44 Reconditioning Rail Ends, J. €. 
Hartley, Journal American Welding Society, March, 
p. 26. 

Technique of Heavy Forging, Ronald Benson, Heat 
Treating & Forging, March, p. 121. 

Non-Ferrous Seamless Tube Manufacture, Gilbert 
Evans, Metallurgia, Feb., p. 117... . Bending of 
Tubes, J. E. Fenno, Machinery, April, p. 462; also 
p. 460. 

Heating Slabs for Hot Strip Mills, W. R. Culbert- 
son, Iron & Steel Engineer, Feb., p. 85... . Pack and 
Pair Heating Furnaces, R. J. Wean, Iron & Steel En 
gineer, Feb., p. 67 a Economical Annealing of 
Strip by Electricity, P. N. Rugg, Electrical World, 
April 7, p. 500... . Continuous Pickling of Strip 
Steel, F. L. Prentiss, Iron Age, March 29, p. 28. 

Shape of Dies for Drawing Wire, Kk. B. Lewis, 
Iron Age, April 19, p. 8. 


Foundry Problems 


Some Points in Electric Steel Making, Victor 
Stobie, Foundry Trade Journal, Feb. 1, p. 83 
Electric Cast Iron Practice, H. H. Walther, Canadian 
Machinery, March, p. 26... . Induction Melting Fur 
naces, A. G. Robiette, Foundry Trade Journal, Feb 
22, p. 132. 

Modern Cupola Practice, H. H. Shepherd, Foundry 
Trade Journal, Feb. 8, p. 99... . Copper in Gres 
Cast Iron, C. T. Eddy, Foundry, Feb., p. 15 
Chromium Additions to Cast Iron, J. E. Hurst, Foundr: 
Trade Journal, Feb. 15, p. 117... . Potentialities 
Cast Iron, A. B. Everest, Foundry Trade Jour! 
March 29, p. 209. 

Some Aspects of Non-Ferrous Founding, Art 
Logan, Foundry Trade Journal, March 29, p. 211 
Fluxes and Slags in Non-Ferrous Foundry Prac! 
Thos. Tyrie, Chemical Age, Feb. 3, p. 9... . Pore 
in Non-Ferrous Metal Castings, G. L. Bailey, 
Industry (British), March 16, p. 293. 

Factors in the Solidification of Molten Metals. > 
W. Smith, Metal Industry (British), March 2, p. 
Controlled Directional Solidification, 
Batty, Journal American Society of Naval Engin 
Feb., p. 1. 


(Continued on page 48) 
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RE you able to say that your pick- 
A ling room is cperating efficiently 
.. that your acid consumption and over- 
all costs are at a minimum? 


If not, consider the use of Grasselli 8 
Liquid Inhibitor and in connection 
with its use, Grasselli Steel Service. 


Each represents a valuable aid 
to your pickling operations. The 
cost of Grasselli 8 Liquid Inhibitor 
averages from Ic to 2c per ton 


¥ 


of material pickled. THERE 1S NO COST 
for the use of Grasselli Steel Service. 


GRASSELLI STEEL SERVICE 


Not a name but a complete all-around 
laboratory and plant pickling service .. . 
maintained for the purpose of servicing 
our products and your problems. 
We ask you to make use of it. 

Write for Interesting Booklet 


THE GRASSELLI CHEMICAL CO. 


INCORPORATED 
WO \ \ Founded 1839 CLEVELAND, OHIO 


GRASSELLI... THE ANSWER TO YOUR PICKLING PROBLEM 
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Three exceptional Stain- 
less Steels are offered by 
this company for tool 
and part making: 
STAINEX No. 1 


STAINEX No. 2 
STAINEX No. 3 


Ask about them. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE AND WORKS 
500 E. 14TH STREET CHICAGO HEIGHTS. ILLINOIS 


WORK 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BUILDING — 
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Current readinge 


Design of Die Castings, F. A. W. Livermore, Met: 
Industry (British), March 30, p. 341... . Recent Di 


Casting Developments, Sam Tour, Foundry, Feb., p. 21 


Cleaning and Plating 


Blast Cleaning of Steel, W. A. Rosenberger, Papy 
for Iron & Steel Electrical Engineers .... . Abrasive 
in Metal Polishes, Cyril S. Kimball, Chemical Indus 
tries, March, p. 209... . Layout and Operation o| 
Polishing Department, H. R. Simonds, Iron Age, Apri! 
12, p. 16. 

Hot Galvanizing for Sheets, N. E. Cook, Paper fo: 
Iron & Steel Electrical Engineers .. . . Galvanizing 
Malleable Castings, G. M. Thrasher, Foundry, Feb., 
p. 19. 

Electroplating—-Technique for Nickel-Chromium, 
M. Cook, Metal Industry (British), March 23, p. 329 
ae Of Rhodium, R. H. Atkinson, Metal Indus 
try, April, p. 119... . Of Castings, B. Caplan, Metal 
Industry (British), March 23, p. 327.... Tank Equip 
ment, L. C. Pan, Metal Cleaning & Finishing, March 
p. 123... . Measuring Thickness, Fred Carl, Metal 
Industry, March, p. 95. 


Heat Treatment and Furnaces 


Modern Annealing Furnaces, A Series of Papers 
for Iron & Steel Electrical Engineers, Abstract in Steel, 
April 16, p. 51 Electric Heat Treatment Fur 
naces, A. G. Robiette, Iron & Coal Trades Review, 
Automatic Control, H. J. Velten, 
Mechanical Engineering, April, p. 223. 

Operations in Controlled Atmospheres, R. J. 
Cowan, American Gas Association Monthly, Feb., p. 47 
... Controlled for Electric Furnaces, 
H. M. Webber, Iron Age, March 29, p. 20... . Neutral 
Furnace Atmospheres from the Decomposition of City 
Gas, F. Heathcoat, Fuel, Feb., p. 36. 

Heat Treatment of Flat Springs, E. B. Hare, Ma 
chinery, April, p. 458 Hardening Hack Saw 
Blades by Electric Current, Mechanical World & En 
gineering Record, Feb. 2, p. 97 . - Grain Size Con 
trol, Machinery, March, p. 417 . . Distortion in Case 
Hardened Gears, A. Roberts, Machinery (British), 
March 22, p. 744. 

Heat Treatment of Alloy Cast Irons, H. M. Dietert 
Machinery, April, p. 457... . Nitriding Alloy Stee! 
and Cast Iron Parts, John Dummelow, Electrician, 
March 9, p. 333. 


Non-Ferrous \ lloy s 


Aluminum Drums for Chemicals, H. V. Churchill 
Chemical Industries, March, p. 215 .... Aluminum fo! 
Reaction Chambers, H. R. Leland, National Petrolew 
News, April 11, p. 25... . Powdered and Granulated 
Aluminum, Metal Industry (British), March 30, p. 30! 
... + Steel-Cored Aluminum Conductors, J. S. High 
field, Engineer, March 9, p. 256.... : Aluminum Beat 
ing Shells for Heat Dissipation, B. C. 
& Steel Engineer, March, p. 95 .... Transverse Tests 
on Aluminum Castings, C. E. Phillips, (Paper for 
British Institute of Metals), Engineering, March 2. 
p. 341... . Future Trend in Forged and Cast Lig! 
Alloys, W. C. Devereux, Metallurgia, Feb., p. 101. 

Beryllium and Its Alloys, H. A. Sloman, Metal | 
dustry (British), Feb. 23, p. 210. 

Industrial Application of Copper and Its Alloy 
J. W. Donaldson, Chemical Age, March 3, p. 15... 
Causes and Cure of Embrittled Copper Conductors, ! 
L. Wyman, General Electric Review, March, p. 12 

Rapid Production of Patina on Copper, J. ! 


(Continued on page 50) 
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ANTIDOTES 
for RISING 


Where serious lag conditions 
exist, accurate control is main- 


tained by using the Deoscil- 


lator. This is an auxiliary 
control unit which gives an 
anticipating effect to the con- 
trol action. The Deoscillator 
is described in a new Bulletin 


No. 186, 


WRITE FOR 
BULLETINS ! THE 


FOXBORO 


PAT OFF 


THE COMPASS OF INDUSTRY 


REDUCED FUEL CONSUMPTION. Savings in fuel re- 
sulting from automatic temperature control will, in many 
cases, offset the rising costs of fuel and labor. The Foxboro 
Potentiometer Control Pyrometer keeps fuel costs down by 
maintaining the most effective temperature. 


REDUCED PRODUCT LOSSES. With the temperature un- 
der control, the possibility of product losses from varving 
temperatures is eliminated. The result is a more uniformly 
high quality product produced at a lower cost. 


REDUCED INSTRUMENT COST. Foxboro Potenti- 
ometer Control Pyrometers are designed so that several may 
be mounted together to be operated by a single drive. This 
reduces the space required for a number of controllers and 
reduces the initial cost of the equipment. Foxboro Instru- 
ments are designed from start to finish to save you money. 


FOXBORO COMPANY 


Foxboro, Mass., U. S. A. 


Branch Offices in Principal Cities 


COMPLETE INDUSTRIAL INSTRUMENTATION ee 


1934 
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Current reading, 


Freeman, Metals & Alloys, April, p. 67... . Consti 
tion of Copper-Iron-Silicon Alloys, D. Hanson, (1's 
per for British Institute of Metals), Engineer, March 
Ba, De Adnic (Copper-Nickel-Tin-Alloy), \, 
B. Price, Metals & Alloys, April, p. 71 and 77 : 
Silicon Brasses, E. T. Richards, Metal Industry (Brit- 
ish), March 9, p. 269. 

Seamless Lead Cable Sheaths, Engineer, March °3 
p. 311... . Defects in Extruded Lead Cable Sheaths, 
W. L. Sherman, Wire & Wire Products, April, p. 103, 

Magnesium Alloys, Leslie Aitchison, (Paper for 


Make the Best Royal Aeronautical Society), Mechanical World & En- 


gineering Record, Feb. 16, p. 148. 
TOOLS 


~ 


Nickel and Its oe W. R. Barclay, Metal Indus- 


try (British), Feb. 9, 155... Monel in the 
Chemical Industry, Chemical Age, March 17, p. 225. 
In 160 years of steel making, William Jessop Tin Production in the Transvaal, South African 
& Sons, Inc., have a background which helps Mining & Engineering Journal, Jan. 13, p. 349... . 
greatly in producing highest quality tool Manufacture of Paste Tubes From Tin, C. O. Herb, 
steels. Along with this rich heritage of ex- Machinery, April, p. 449. 
« perience is a keen appreciation of what is 


Iron & Steel for Special Uses 


expected of tool steels today—and a rep- 


utation for making the standard with which 


Steels in Marine Engineering, T. H. age : 

too! decks ere compared. Transactions Institute of Marine Engineers, Feb., p. 
rye for Special Specifications Issued by the 
Navy, C. A. Jones, Bulletin, American Society for Test- 
Wm. Jessop & Sons ing Mate ake March, p. 5... . Relative Elasticity of 
1774 Incorporated 1934 Engine Crankshafts, W. C. Stewart, Journal, American 

NEW YORK BOSTON TORONTO CHICAGO Society of Naval Engineers, Feb., p. 31. sy 
121 Varick Street 163 HighSt. 59 Frederick St 1857 Fulton St. Bridge Deck of Wrought Iron Plates, Railway Age, 
Mareh 3, p. 315 .... 1 Alloved Malleable Iron, L. J. 
the Wise, Age, April 5, p. 27....4 Abrasion Resistant 

Iron, Iron Age, April 5, p. 33. . 

Physical Properties of Spring Steels and Alloys, i 
The Mainspring, “eng .... Theory and Design of 

Laminated Springs, H. Rowell, Institution of Auto L 

mobile Engineers April, p. 41. il 


One-Piece Electrical Contact Units of Laminated 

Metal, G. A. Ruehmling, Product Engineering, March, 

p. 98. 
Special Trackwork, Railway Engineering & Main- 

tenance, April, p. 200. 
Shop Fabricated Steel House, Steel, April 2, p. 30; 

April 9, p. 37; Welding, March, p. 113. 


Welded Structures and Properties 


WITHOUT | 
Fabricating Welded Pipes for Boulder Dam, W. A. 
| A L | T Y Cather, Journal American Welding Society, March, p. 
4... . Welded Steel Structures and Their ibility, 


ei \ ET 7 N E. H. Schmuckler, Welding Industry, Feb., p. 24 . 
Welded Jigs, L. E. Fuller, Machinery, April. p. 478 
CO 1P I 1O New Record With 16-Inch Welded Casini W. 
A. Sawdon, Petroleum Engineer, March, p. 26 ee 
All-Welded 1620-Ton Ship, N. M. Hunter, Welding, 
EXCLUSIVE MANU- March, p.- 103 akan Welding Operations in a Large 


FACTURER OF HEAT Shipyard, G. H. Moore, Jr., (Paper for Oct., 1955 


Meeting American Welding Society), Marine Engineer- 


AND CORROSION RE- ing & Shipping Age, March, p. a. 
» Stresses in Fusion Joints, E. G. Coker, Maaierge 
SISTANT ALLOY Feb., p. 129... . Stresses in Plea ws il Welds, 


“J Hongaard, Proceedings National Academy of Sciences, 

CAS STI NX Gs Jan., p. 17... . Fatigue of Welded Metals, G. E. The 
ton, Journal American Welding Society, March, p. =". 
Physical Properties of Deposited Metal, L. Miller, 

bd Iron & Steel Industry, Feb., p. 181; R. Notvest, Weld 
ing, March, p. 99... . Metallurgical Aspects of (x 


‘ 1K T Welding Process, W. Barr, Journal of the West of S 
GENERAL ALLOY S CO. land Iron & Steel Institute, Jan., p. 59. 
BOSTON CHAMPAIGN Simple Tests for Welded Joints, A. M. 
Engineering, Feb. 2, p. 112... . Non-Destructive 
ods of Testing Welds, J. W. Donaldson, Iron & ' 
Trades Review, March 23, p. 498. 
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